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a b s t r a c t
We present the patient with Holmes tremor secondary to the infarction of thalamus,
successfully treated with the deep brain stimulation (DBS) of the area between ventralis
oralis anterior and zona incerta for a long time, in whom the severe tremor reappeared after
removal of the DBS lead. This is the ﬁrst presentation of the effective DBS on this location.
Our case does not support the hypothesis that the DBS treatment could lead to sustained
relief of symptoms after cessation of stimulation.
# 2014 Polish Neurological Society. Published by Elsevier Urban & Partner Sp. z o.o. All
rights reserved.
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journal homepage: http://www.elsevier.com/locate/pjnnsHolmes tremor (HT), also known as 'rubral tremor' or
'midbrain tremor', is a rare movement disorder causes by
the lesion in different regions of the brainstem, cerebellum or
thalamus, that follows the dysfunction of the cerebello-rubro-
thalamic tract and/or nigrostriatal pathway and leads to
severe, low frequency (<4.5 Hz), resting, intention and/or
postural tremor. The onset of tremor is usually delayed, from 4
weeks to 2 years after lesion [1]. Pharmacological treatment in
many cases is not effective, and therefore surgical procedures,
deep brain stimulation (DBS) of thalamic nuclei, usually the
ventral intermedius nucleus (Vim), or ablative therapies e.g.
thalamotomy, are offered to patients. We report a case of HT* Corresponding author at: Department of Neurology, University Hosp
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0028-3843/# 2014 Polish Neurological Society. Published by Elsevier Udue to ischemic stroke of the thalamus, successfully treated by
the DBS of the area between ventralis oralis anterior nuclei
(Voa) and zona incerta (ZI) with a long follow-up period (more
than 4 years) and with temporary reappearance of tremor after
the DBS removal due to infection of the skin on the head
around the place where the electrode was inserted.
1. Case report
A 45-year-old female was admitted to the Outpatient
Movement Disorder Clinic of the Department of Neurology,ital, Jagiellonian University Medical College, ul. Botaniczna 3,
rban & Partner Sp. z o.o. All rights reserved.
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tremor of the right limbs. At the age of 15 she had developed
suddenly right hemiparesis and aphasia. Computed tomogra-
phy showed an infarct of the left thalamus. Paresis disap-
peared completely within several months and she was been
able to speak normally. Within 4 weeks after the ischemic
episode, tremor of right limbs gradually appeared and
remained severe and unchanged for the next years. She had
difﬁculties during eating, drinking and precise movements of
her right arm. Tremor exacerbated by emotional stress or
voluntary movements and persisted during sleep. She had no
history of using neuroleptics or other tremor-inducing drugs
prior to and after the thalamus infarct. The family and social
history were unremarkable.
Neurological examination revealed severe, disabling uni-
lateral resting, postural and kinetic tremor affecting right
limbs, mainly the upper limb, greater proximally than distally.
The amplitude was moderate at resting tremor and extremely
high in kinetic and intentional tremor. The severity of tremor
assessed with the Fahn–Tolosa–Marin Tremor Rating Scale
(FTMTRS) was scored on 42 points [2]. The patient also had a
slight ataxia in the same arm.
Magnetic resonance imaging showed small (<1 cm), lacunar
infarct in the upper–posterior–lateral part of the left thalamus,
ranging to the Vim nucleus. DaTSCAN test (123I-ioﬂupan)
showed a normal presynaptic dopamine reuptake in the
putamen and caudate nucleus on both sides. Accelerometric
and electromyographic studies demonstrated an alternating
activity of the ﬂexor and extensor muscle in the right arm. The
rhythm of resting, postural and intention tremor was periodi-
cally irregular with a frequency of approximately 4.5 Hz. The
amplitude of tremor increased during postural and voluntary
movements. Pharmacological treatment with neuroleptics
(haloperidol), anticholinergics (trihexyphenidyl, biperiden),
benzodiazepine (diazepam), amantadine and levodopa did
not relieve the tremor.
In April 2009, the patient underwent stereotactic surgery and
a four-contact DBS lead (Medtronic, Inc., Model 3387) was
implanted into the area between Voa nucleus and ZI, and
connected to single-channel implantable pulse generator (IPG,
Medtronic, Inc., Model Soletra). The choice of this particular
target for DBS was based on the best reduction of the tremor
during the operation. The procedure was performed in a local
anesthesia with a temporary analgesia. The stereotactic frame
(RM frame) was positioned and computed tomography scan was
obtained, the computed tomographic and MRI scans were fused
and stereotactic targeting was carried out with a use of
PraezisPlus software. The trajectory of ﬁve microelectrodes
was planned at the front of the stroke area (central microelec-
trode: 14 mm lateral to the anterior commissural–posterior
commissural (AC–PC) line, 8 mm anterior to PC, on the level of
AC–PC line). Detailed microelectrode recording conﬁrmed
location of the thalamus (6 to +2 mm) as well as ZI (+3 to
4 mm) and subthalamus (STN) (to +5 mm). Macrostimulation of
the three microelectrodes: central, medial and posterior was
performed. The best result of tremor relief was obtained with a
central microelectrode activation, placed 3 mm below the AC–
PC line, where ﬁnal electrode (Medtronic 3389) was inserted. The
optimal clinical effect was obtained with DBS parameters as
follows: C+, 0  (ZI), 2  (Voa/Vop), 1.8 V, 185 Hz, 60 ms.The adjustment of stimulation settings included decreas-
ing the voltage to 1.3 V. After 6 months of stimulation, the
severity of tremor assessed with the FTMTRS was signiﬁcantly
reduced to the score of 11. The reduction was prominent
mostly for postural tremor of the right upper limb. The severity
of task-speciﬁc tremor (e.g. during writing and in daily tasks,
like using cutlery) was just slightly reduced. Tremor of the
lower right limb and ataxia in the upper one did not change.
Twenty-four months after the surgery, the patient presented
with similar tremor severity to that observed at the assess-
ment after 6 months and because of that, the voltage was
increased to 1.8 V. At follow-up after 36 months, the patient's
condition was stable, the clinical status and the FTMTRS score
were unchanged. The parameters settings were as previously.
Four years after the DBS implantation, in June 2013, the
patient developed an infection of the skin on the head around
the place where the electrode was inserted. Two-month
treatment with antibiotics according to antibiogram was
ineffective, therefore the decision of the explantation of DBS
system was made. Involuntary movements of the right arm
reappeared immediately, with a severity similar to presented
before the DBS lead implantation (FTMTRS score = 42) with no
other abnormalities in the neurological examination. The
severity of tremor did not change during the 6-month follow-
up.
2. Discussion
Our case illustrates the effectiveness of DBS in a new,
previously not reported location of the Voa/ZI border with a
long-term follow-up and no persisted effect of tremor
suppression after the removal of the DBS lead, indicating that
4 years of stimulation could not be sufﬁcient to produce
neuroplastic changes in this case.
The publications discussed location and the effectiveness of
the surgical treatment of HT are limited. We found only 19
published HT cases treated by the DBS implanted mostly in the
Vim nucleus, including four cases with a long-term observation
(over 30 months) [3–7]. Vim stimulation, in some cases, was
insufﬁcient and dysarthria as a side effect after bilateral DBS
was frequently observed. The effect of DBS location in different
thalamic nuclei, globus pallidus internus (GPi) or ZI on HT
severity was similar [4,8–10]. The positive effect of Voa or ZI
stimulation was described in three papers, but no case of the
stimulation of the area between Voa and ZI was published as
yet. Foote et al. [8,9] reported three cases with a posttraumatic
HT, successfully treated with the use of two stimulators
implanted in different locations on one side: one in Vim and
the second in the junction of Voa and ventral oralis posterior
nucleus (Vop). The improvement of tremor was greater when
two leads were used in parallel. A case of a post-stroke HT
successfully treated with GPi DBS and no excessive beneﬁts after
the additional stimulation of the Vim and Voa was reported by
Lim et al. [10]. Plaha et al. reported high-frequency DBS of ZI is
effective in suppressing resting and kinetic tremor, located in
the distal as well as proximal muscles [4].
The role of ZI in connecting the nigrostriatal pathway and
the cerebello-thalamo-cortical loop has not been clearly
demonstrated in human. According to studies based on
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afferents from different parts of the brain like GPi, substantia
nigra pars reticulata (SNpr), cerebellum, motor cortex [11,12]
and sends efferents to ventro-lateral nucleus of thalamus,
cerebellum, inferior olive, SNpr, GPi and as well as to the
cerebral cortex [13–15]. Its role in connecting the nigrostriatal
pathway and cerebello-thalamo-cortical loop is essential.
Because it seems that, both loops are involved in the
pathogenesis of HT, DBS of the ZI could be effective in the
control of this involuntary movements [4]. Stimulation of the
area between Voa and ZI in our patient was not totally effective
and the tremor of the lower extremity persisted. Although
different combinations of the electrode location were checked,
none of them improved tremor of lower extremities. Our goal
in this case was to position the electrode at a location where
stimulation would reduce tremor primarily of the upper
extremity, because this right limb tremor was most debilitat-
ing. The patient did not agree to undergo implantation of
another DBS lead, in a different target, so we could not check
the effectiveness of parallel stimulation. Our long-term
observation supports the view that stimulation of a part of
the thalamus other than Vim is equally effective in the
treatment of HT.
Mechanisms of HT are complex and heterogeneity of its
pathophysiology is speculated [16]. Gajos et al. [16] showed
that impairment of nigrostriatal pathway is not necessary and
damage of cerebello-thalamic pathway is sufﬁcient to HT
development. In our patient lesion of the posterior–lateral part
of left thalamus indicated damage of the Vim nucleus of the
thalamus which provided activation from the nucleus denta-
tus. To evaluate presynaptic dopaminergic striatal denerva-
tion the SPECT examination was performed but radiotracker
uptake was symmetrical. Morerover our patient did not
respond to the treatment with levodopa what proved that
there were no changes in the nigrostriatal area. It is
controversial whether the dopaminergic neurotransmission
in the nigrostriatal area is necessary or not in HT etiology. Our
results are consistent with a study described by Gajos et al.,
indicating plurality of pathophysiological mechanisms under-
lying HT.
Our case does not support the view that the long-lasting
stimulation cause persistent suppression of the tremor after
the DBS lead removal. Sustained or transient relief of motor
symptoms after cessation of prolonged DBS was reported in
patients with dystonia [17,18]. So far, only three cases with HT
were described, conﬁrming persistent effect of DBS in this kind
of tremor [5,6]. Castrop et al. [6] reported two patients with HT
after hemorrhagic lesion of mesencephalon effectively treated
by Vim stimulation for 7 and 6 years and a 1-year follow-up of
sustained suppression of the tremor when stimulation was
turned off. Similar outcome was presented by Diederich et al.
[5] who observed persisted effect of DBS in one patient with HT
after battery failure. Based on this reports, the hypothesis that
the longitudinal Vim stimulation leads to neuroplastic
reorganization and results in a persistent tremor suppression
might be made. The lack of suppression in our case could be
related to the shorter time of stimulation (4 years) or to the
very long (30 years) period of tremor before the DBS lead was
implanted, leading to sustained changes in the neuronal loops,
not so easy to reverse.Conﬂict of interest
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